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I.  INTRODUCTION 


The  chemical  kinetics  of  the  hydrogen  halogen  systems  has  been  the 
subject  of  study  for  about  six  decades.  More  specifically,  interest  in  the 
reactions  between  hydrogen  and  bromine  dates  bade  to  the  classic  studies  in 
Bodenstein's  laboratory  in  1906.  The  early  work,  however,  concentrated  on 
reactions  predominant  in  a  starting  mixture  of  hydrogen  and  bromine;  the 
dissociation  of  HBr  did  not  receive  attention  until  a  decade  ago.  In  this 
Laboratory,  as  part  of  an  extended  series  of  investigations  of  the  behavior  of 
hydrogen  halides  behind  shock  waves,  we  previously  studied  the  dissociation 
of  HBr  in  Ar  over  the  temperature  range  of  2100-4200‘’K,  using  LR  emission 
and  UV  absorption  techniques  fl] .  It  was  necessary  to  invoke  a  low  activation 
energy  (compared  with  the  HBr  bond  energy)  in  order  best  to  fit  the  HBr  dis¬ 
sociation  data.  The  activation  energy  was  found  to  be  50  kcal/mole.  HBr 
was  also  found  lo  be  about  15  times  more  efficient  than  Ar  as  a  collision  part¬ 
ner  in  dissociating  HBr.  In  deducing  the  values  for  HBr  di3  80ciation  rate 
coefficients,  it  was  assumed  that  the  rate  coefficients  for  the  other  reactions, 
(2)- (7)  of  Section  IV,  were  sufficiently  well  established  to  be  accepted  without 
reexamination.  It  was  bej''ved  that  a  detailed  inquiry  into  the  validity  of  that 
assumption  was  unnecessary  b.'ause,  under  the  experimental  conditions  of 
those  experiments,  the  disappearance  of  HBr  was  determined  almost  solely 
by  the  direct  dissociation  reaction. 

The  purpose  of  this  further  study  was  to  determine  if  the  apparent  activa¬ 
tion  energy  more  closely  approaches  the  bond  energy  of  88  kcal/mole  as  the 
temperature  is  extended  downward.  At  first,  the  results  of  the  present 
experiments  were  taken  to  imply  that  it  does.  However,  as  the  temperature 
is  lowered,  the  kinetic  analysis  of  the  data  becomes  more  comp’’cated.  The 
higi.  temperature  chemistry  is  sensitive  to  only  the  dissociation  rate  coeffi¬ 
cient,  but  at  lower  temperatures,  the  Br2  dissociation  rate  and  the  HBr  +  Br 
exchange  rate  play  important  roles.  When  these  rates  were  adjusted  to  bring 
computed  reaction  profiles  into  agreement  with  experimental  ones,  it  was 
also  possible  to  fit  the  higher  temperature  data  reasonably  well  with  an  HBr 
dissociation  activation  energy  of  88  kcal/mole. 
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II.  EXPERIMENTAL 


The  shock  tube  and  related  equipment  have  been  described  in  earlier 
work  [2]  .  In  all  of  the  experiments  reported  here,  undiluted  HBr  with  a 
cylinder  purity  of  99.8%  was  used.  Noncondensable  gas  contaminants  such  as 
air  were  removed  by  one  distillation  step  c  f  freezing  with  liquid  N^. 

In  our  previous  study  of  HBr  dissociation  kinetics  [1]  ,  we  followed  the 
HBr  concentration  change  by  measuring  the  IR  emission  and  UV  absorption 
of  the  HBr  molecule.  The  present  experiments  were  in  a  temperature  range 
where  the  equilibrium  degree  of  dissociation  is  relatively  small  and  HBr  con¬ 
centration  is  no  longer  a  sensitive  indicator  of  the  progress  of  the  reaction. 
Therefore,  a  third  spectrophoton  etric  technique  was  used  that  involved  moni¬ 
toring  the  radiative  recombination  emission  the  visible  from  Br  atoms. 

This  technique  has  been  reported  by  several  other  workers:  Palmer  [3]  with 
Br^.  and  Araujo  [4] ,  Lawrence  and  Burns  [5] ,  and  Westberg  [6]  with  HBr. 
These  works  demonstrate  conclusively  that  the  ladiative  recombination  emis¬ 
sion  is  proportional  to  the  square  of  the  Br  atom  concentration. 

Measurements  were  made  simultaneously  at  three  wavelengths,  5670, 

0 

6000,  and  6330  A,  from  ports  located  around  the  perimeter  of  the  shock  Lube 
at  the  same  axial  position.  Three  identical  optical  systems  consisted  of  a 
sapphire  shock  tube  window,  a  Suprasil  collecting  lens,  an  Optics  Technology 

O 

interference  filter  (25  A  bandpass),  and  a  RCA  Type  6903  photomultiplier. 

O 

The  primary  wa.elength  for  data  reduction  was  6330  A  because  of  the  expected 
small  temperature  dependence  of  v, mission  intensity  and  the  negligible  absorp¬ 
tion  by  Br^  at  this  wavelength  [7]  . 
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III.  DATA  PRESENTATION  AND  ANALYSE  1 


The  Br  radiative  recombination  emission  was  recorded  at  three  visible 
wavelengths  during  33  runs  when  100%  HBr  was  nhock  healed  to  temperatures 
of  1450-2300  “K  and  pressures  of  1.0-6. 3  atm.  A  typical  oscillosco}'  ^  trace 
is  shown  in  Figure  1. 

O 

The  6330  A  wavelength  emission  was  selected  for  detailed  reaction  pro¬ 
file  analysis  because  of  the  extremely  small  temperature  dependence  shown 
in  Figure  2.  The  slope  of  the  temperature  dependence  and  the  experimental 

O 

scatter  are  approximately  the  same  as  in  Westberg's  results  [6]  at  6200  A. 

2 

Thus,  the  measured  intensity  was  set  proportional  to  [Br]  without  further 
correction  for  temperature  variations  or  Br^  absorption. 

By  replotting  the  emission  data  in  a  slightly  different  manner,  the  slope 
of  the  temperature  dependence  could  be  used  to  deduce  the  electronic  states 
involved  [8]  .  This  was  not  done  in  Figure  2  because  of  the  extremely  small 
temperature  dependence  and  the  possible  resultant  large  error  from  the  scatter 
shown.  Therefore,  the  assignment  of  electronic  states  and  choice  of  banded 
versus  continuum  emission  are  not  discussed  here.  For  purposes  of  this 
experiment,  it  is  sufficient  to  establish  that  the  measured  emission  is  pro¬ 
portional  to  the  square  of  £he  Br  atom  concentration. 

Seven  experimental  Br  atom  profiles  chosen  from  more  than  30  runs  are 
shown  in  Figure  3. 
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Figure  1.  Experimental  Records  for  Run  with  Initial  Temperature  and 
Pressure  Behind  the  Incident  Shock  ISdS^K,  1.87  atm;  and 
Equilibrium  Ter.pcrature  and  Pressure  MSS^K,  1 . 89  atm 


ARBITRARY  UNITS 


Figure  2.  Measured  Equilibrium  Emission  Intensity  Divided  by  the 


Square  of  the  Exjuilibrium  Bromine  Concentration  vs 


Inverse  Temperature 
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SV.  SATA  Ai!«AL.YSIS 


For  cacEs  rsa,  a  ploC  was  ana  A?  of  t&s  valise  of  f  Br|  as  a 

fiageltioai  of  laborascry  iijbctc;.  Ana-Bysis  coasisteig  of  esfosls  to  sasatcEs  tEaeso 
plots  Sty  tEsa  ^ipr«crsatc  selrctfssa  of  rate  coelEcteerts  tEar  fo’lcrria^ 
reactions: 


CD 

HBr  -S-  Mj  =  M  -=■  Br  -S-  Mj 

(25 

H  -r  HBr  -  -s-  Br 

(3) 

Br  T-  HBr  =  Br^  v  H 

(4) 

Br  -5-  Br  -5-  -  Br2  v  M 

(5) 

Br  -r  Br  -5-  =  Br2  v  M, 

(6) 

Br  -5-  Br  -r  M.  =  Br^  -r  M 
4  2 

(7) 

H  4  H  V  5.!-  =  K,  4  M- 
0  c  0 

Mj  and  M,  are  acti>sally  of  tiae  form  asrbere  tbe  sommatioa  is  over  all 

species  present.  =  ®*^2’  ^^4  ”  ^  ^  v.'eighled  summation  over 

all  other  species.  The  coefficient  a.  represents  the  efficiency  of  species  X- 
as  chaperone  in  the  indicated  reaction,  in  these  e3q>eriments ,  dissociation  of 
HBr  vras  never  more  than  lO’iJr,  lBr2l  was  alvays  much  smaller  than  iBr],  and 
|h1  was  always  much  smaller  than  IH2I-  Thus,  it  is  necessary  to  sum  M,  and 
M-  over  HB.-*  and  Br  only,  and  ^►^2  can  be  taken  as  just  HBr.  Hydrogen  atom 
recombination  was  insignificant  under  all  experimental  conditions.  Thus,  reac¬ 
tion  (7)  docs  not  need  to  be  discussed  further,  although  it  was  taken  into  account 
in  the  calculations,  and  the  rate  coefficients  usco  were  the  same  as  in  earlier 
work  [Z].  The  rate  coeflicicnts  used  for  reactions  (2)-(7)  are  discussed  in  the 
following  section. 


.9- 


V.  BRIEF  RE%'IEW  OF  RATE  COEFnCEEJCTS  FOR  THE  HBr  SYSTEM 


AIsEmm^Is  nn»c&  work  hats  Eir«n  ifooe  oa  tbr  reartsoos  im  tSae  hydrey»~ 
bgomaar  sfste^,  anl  several  rercews  bare  been  poblsdae^  tibe  litera* 

Sere  is  stsch  a  coo&escBS  collecBEos  of  errors,  estianates.  assoenplBOos.  aad 
Bsceasoresneats  sbat  «e  belsere  aaol&er  overreew  ss  ss  order.  Becaose  of  tdbe 
seSerrelatEoe^ips  no  tlae  expercagaeaCal  deterBRsBatioos.  a  dsscosnon  of  tbe  rate 
coeelccEeaSs  falls  oaterallT'  cato  two  sectioas:  tbe  eacribaoy  reactioos.  reaetcoas 
12|  aad  sad  tfee  recosBdiiastcoa  reactioas  of  brosniae.  rcactioas  {4|>(b|, 
Reactsoa  |71,  tbe  recosstboassEom  of  bydrof^ea  atosBts.  ss  aot  dsscassed  bsTtber 
feere. 

A.  EXCl^AXGE  RE.ACTIONS 

Tbe  first  StisaeSsc  isvestigatiocs  of  tbe  forsraSsos  of  HBr  from  tbe  ele- 
sssessts  coBStitated  tbr  classic  sSodf  of  Bodeestese  aad  Liad  (13)  sa  1906.  Tber 
iavestifsa*^  sbe  tfaersssal  reactsoe  over  tbe  teinsperatare  raa^e  of  d^S-STd  'K- 
13  years,  tbe  ccinrtplicatcd  bsnctecs  was  not  explaiaed  mccbaaistically 
vuntil  Cbristiaasca  (14),  Herzfeks  |tS],  aad  Polassyi  (16)  iadepeadeally  pro> 
posed  tbe  now  accepted  sssechanism  that  ccmstitiotes  rcactiosss  f2)-(6).  The 
rate  lav  deduced,  after  some  trial  aad  error,  3iy  Bodensteia  and  Land  is 

aHBrl  . 

I  4  1  U^r] 
m  (Br^l 


where 


k  =  2  k  ,  K 
exp  -2 


1/2 
'3,  5 


m  =  k 


(The  notation  ^  signifies  k^/k^.  I  They  found  that  reasonable  results  could 
be  obtained  by  assuming  m  =  10,  Their  values,  where  computed  for  k 


exp 
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appcarc«£  tio>  S»r.  wilhaa  trscpc-reost^tDeaS  c-rnter,  nrvut  rate  corf£ic£7iMits  aad  were 

snieprcsAras  of  rvactatseB  or  procEmct  coeBcratratsons.  ^  BodeasS^he  aad  Lfiwt 

ffioC  rxBraoii  as  asalftcc  eiqtresscoa  for  8t _ from  tSarir  4ata  aor  coavert  tlwir 

rrsmtss  to  staa«£arr£  csasts.  'Tixt*'  tasks  were  Seft  to  later  saterprefers.  of 

w&om  t&ere  Bsare  beea  maaf.  w&o  bare  Bb€  alwafs  a^eed  aritb  oae  aaolher.^ 

Tbe  expresssoa  obtasaed  for  k _ kf  Bodeasteca  aad  LmtkeaBieyer  ( IS|  ns 

eap 


1.  r  1/2  ,-«/2  -*«  ^ 

Ekj^  * _ ficc  sciol  see  #  ^  — = —  »  0,?T->  lof  T  ♦  t7_4a0 

A 


.2,(M5v  t9'*T  *  2.56X  IO"*T^ 


Tbe  nraSce  of  k  ^  eaa  Sie  eaaracted  from  k  if  oae  kaoqrs  tine  <t|ailibriaeB 
— exp 

eossstaed  for  Br  dnssoesatnoa/recombcaatioa.  K,  TMs  was  doar  bv 

■>,  -f 

Bodeasteca  aad  U^kemerer.  wbo  oktaiaed 


lo«  k  ,  :  n.*o2  - 

a-feich  fitted  tse  expenmeatal  data  witkia  at  all  temperatores.  By  osiag  a 
rerssed  valtie  for  m  1  based  oa  Bodeasteia  aad  Joa|'  1 19|l  aad  more  modera 
thermodyaamnc  data,  Brittoa  aad  Cole  rccampsSd  k  ^  from  the  data  of 
Bodeasteia  aad  i,iad  aad  olntaiaed 

!o*  k  ,  :  14.557  -  l<».57/e  . 


*Br;ttoa  aad  Cole  [  17  j  claiir*  that  vn  actually  varies  from  about  7  to  about  12 
’Aith  the  ral:o  of  Br  but  -ae  have  beea  unable  to  find  evidence  for  such  a 
slaterreat.  In  any  case,  as  they  note,  since  a  20%  error  in  m  induces  <Wily  a 
5%  error  in  values  reported  by  Bodenstein  and  Lind  ft 3]  for  the 

latter  rate  coefficient  arc  still  i-alid. 

^The  results  of  Kassel  (*^j.  White  (!2j.  and,  according  to  Pease  [  10], 
Schumacher  (Chemische  Gas  react  ionen,  Dresden,  1^38,  p.  414),  are  incorrect. 

'e  2.  5  RT/ 1000. 
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Bodcwstesifi  aad  Jvsc  Ei'^S  sSwdsrd  the  phaeoebennacal  fisrmatios  of  HBr  at 
and  57S*K  awl  <oh!asae«l  en  :  H.hl  «  (9.7  at  the  Bower  tcaapcratore  awl 
$.Z2  e  1  at  tfiw  higher  tirsn^ratore,  Thef  cooclwled  that  nm  was  temperatare' 
talepewScaC.  awl  these  s.’seas  eals«  of  $.4  s  0.2  has  heea  OfseO  hf'  EBawy  later 

m 

workers  as  tEae  estahlidBed  ratso  of  fe  however,  Solliraa  {20| 

reexasessned  the  worh  of  Bodenstecw  awl  Jobk  soi  Is^ht  of  hss  oww  phnrorfterrr  iral 
stwl*es  asEd  cooclwled  that  they  did  wot  eneaswre  h  all,  hot  rafher  the 

terestioBerssBa);  reaetsow 

tSI  ,3r  «  =  2HBr  . 

This  reactsocB  Hs  taej^ipble  so  thereraal  systems  iw  coenparisow  with  the'  aece;;ited 
chaia  mechassssm. 

Bach.  Boehoeffer.  aod  \foelwyB->iio^tes  lZl\  stssescd  the  reactsres  os  heC: 
aad  with  brosnisae,  the  latter  a-  S4?'bl2*K.  After  recon^wtswf  twot  qcite 
correctly}  the  prerioos  data  fl3|.  they  foowl  close  aipreesneet  betweew  tibe  re> 
salts  of  Bodewstesa  aad  Liad  aad  these  owa  Br  -r  resolts.  Howerer.  Fettis 
aad  Kssiox  f22|  have  cgoestsocsed  their  relative  resolts  for  aad  oa  theoret¬ 
ical  groossds  atad  c«s  the  basis  os'  the  aaaloj^ss  rates  with  Cl  atoms.  The 

data  cf  Bach.  BoeboefSer,  assd  htoebryo-Hai^ies  f21|.  aad  also  of  Bodeasteia 
aad  Lisid  |l3j  were  recomputed  correctly  by  Pease  (lOl.  who  ased  revised 
thermodynamic  data  for  the  Br^/Br  eqcilibriom.  From  Pease’s  recalcolatiosss, 
we  can  comptste 

Bodeasteia  and  Lind:  -  10^^' ^  e*p< -20,  lOO/RTl 

Bachetai.:  k,  =  10*^' ^  expt -I  S.  200/RT} 

Steisier  {23|  measured  the  value  of  k,  by  studying  the  ortho-para 
cosnrersion  :s  the  presence  of  HBr  in  the  temperature  range  of  821-9S4*K.  In 
order  to  extract  the  desired  rate  ccefficiiwts,  the  equilibrium  constant 

must  be  known,  A  modern  value  for  this  jc^ives  results  for  that  are  about 
20%  larger  than  Steiner  calculated,  and  therefore  results  for  k  ^ 
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abooel  20?^  larger  <fea«  Fcteas  aoii  Ka^-m  g»ir*r  sm  their  crafit  e>f  Ae  «ario«s 
cacperifBficataE  rej»sEBs. 

A  review  oS  the  Isterattsre  of  She  I^MO^s  aad  I950''s  reveals  several  other 

to-.  l.t.rW»mi«ato.  to,  ««*»»»»«. 
<to.l.r  ll»ll  <X  «-4  »  tM,  Hj  8,2 

flairete  stodoes.  Likewise,  LevY  |2S|  assaesned  the  saoae  valwe  im  his  high' 
teoaperatwre  Si09'S474*K|  floor  stsafies.  Brittoo  aad  Davidson  (2^  reported 
shock  idbe  senses  over  she  tetaaperatwre  raa^e  of  100-1500*K  aad  foood  the 
ratio  to  lie  is  the  rau^  of 

Brittoo  and  Cole  1 17^  eaasaised  the  reaction  betwceen  and  Br^  A  a 
shock  tnhe  between  1)00  aad  f700*K.  By  naonitorinc  Ae  Br^  ahsorptioa 
specSroRaetricallY  Asriss  the  cocrse  of  each  Toen.  they  were  able  to  calcwlate 
the  conceatratians  of  prodacts  and  reactants  as  fnartronr  of  tune.  Frooa 

Aese  Shew  chtaaecd  as  ezsericaesCal  rate  coefficieat  k  k _ /ft  4  asIHBr)/ 

esp 

f  Br^ll.  9s  s^arate  ei^risneets,  shock  waves  were  passed  throwgh  aoestwres 
of  HBr  and  Br2.  «nd  the  cowr«e  of  reaction  unonitored  as  before.  If  the  ratio 
of  k  j/k2  Ae  eqwilibraam  coavtaat  for  Br^  Association  are  known,  the  two 
sets  of  espetiments  f^ve  direct  aimeaswrcs  of  k  ^  respectively. 

Acteally.  Britton  and  Cole  did  aot  asstune  Ae  value  of  k  ^  known, 

hot  varied  iS'  in  ordek  to  obtaia  the  uMkst  consistent  set  of  rate  coefficients. 

At  DOO^K.  they  found  Ae  ratio  to  vary  front  9.  S  |for  smutorrs  of  HBr| 
to  fZ,7  Ifor  miatares  of  2^  HBr).  wriA  as*  average  value  of  11.1.  At  1700*K, 
it  varied  from  $.5  1 1%  Kfir)  to  8.  2  tZ%  HBr).  with  an  avera^  of  8, 4. 

The  two  nvost  reliable  detersnisaatiosks  appear  to  be  tiie  recent  otkes  of 
Pass  fZTj  asad  Vidal  }28].  Pass  studied  the  competition  between  HBr  acd  Br2 
for  H  atoms  produced  bp  HBr  photolysis  in  the  presence  of  Br2  at  300-52)  *K. 
Combining  his  results  with  the  high-temperature  data  of  Levy  (25].  Cooley 
and  Anderson  (24],  and  Britton  and  Cole  (17],  he  deduced  the  value  of 

k  j/k2  =  6.8  e:qj(800/RT)  . 
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Vsdal  f2S|.  u9mz  esscateallr  tfce  sune  ptwcrAirf  as  Bacfc,  Boahoeflrr.  aad 
MBclafa-Hai^hrs  {Zi},  stadctii  the  rate  «f  faraiatioa’  of  HBr  from  aniatores  of 
sod  Br^  over  the  temperatore  mgt  of  50t'S6h*K.  His  rahies  for  3 

lay  ia  the  raaise  of  10.7^14.4.  Whea  his  resolls  are  aiMri  to  Aose  of  Fass, 
aad  the  ooreliabolitT  of  the  hsch^temperatare  determiaatioos  is  tahea  iato 
aeeoaat.  a  slij^ly  difSereal  raise  for  ^  appears  preferaUe; 

k  j/k^  =  5.2eap8lfiOO/RT|  . 

These  Arthejms  parameters  iaSk  incely  bctaeea  Aose  far  Cl  aad  I  as  takalated 
hf  Fass.  TTiis  eqcatioa  for  m  gives  rahaes  of  9  aad  ahoat  h.S  at  1000  aad 
2000*K,  re specti^ly .  Gsieg  this  reriseo  eapressica  for  k  sad  modera 

Aermodyamic  data,  ae  caa  recompote  the  ralae  of  k  ^  from  Ae  data  of 
Bodeasten  aad  Liad  aad  obtaia 

k_2  =  I0‘’'^^e*p|-ll,900/RT|  . 


Except  at  their  highest  Amperatore.  the  scatter  ia  Bodeastem  aad  lead's  data 
is  oe  the  order  of  a  fea:  perceat.  if  we  reject  some  of  Ae  hi^-temperatare 
resvlts  that  appear  to  be  sporioos.  we  obtam 


-Z 


f  0*’*’'  exp<  -1«.  500/RTl. 


The  rahie  of  k  -  was  first  deArmined  from  k _ by  BodensAm  aad  co- 

~c  ejq> 

workers,  as  indicaAd  above,  and  recontyuAd  by  Britton  and  Cole  ( 17]  wiA 
revised  thermodynamic  daA.  LaAr  measurements  were  nnade  by  Bach, 
Bonhoeffer,  and  Moehvyn-Hnghes  [Zf],  Steiner  ]Z3].  Levy  [25],  Britton  and 
Coic  I  !?].  Brittos  and  Davidson  (26],  and  Vidal  [28].  The  results  were  re¬ 
viewed  by  Fettis  and  Knox  [22]  and  more  recently  by  WhiA  [12].  On  the  basis 
of  the  daA  of  earlier  workers  [13,  17,  21,  23,  25],  and  Aking  into  account  the 
expected  difference  between  k  ^  snd  the  analogous  k  for  the  D  *  Br^  reaction. 


Fcftis  9md  Kaax  c—clwlg<  that  tike  rale  coeCBcicat  is 

k  2  *  I0*^^eiip|-».7a#/lT|  - 


More  reccatly.  VidbU  kas  cewikiar<  kia  teaalls  oilkrikoar  of  Be^rartria  aad 
Uadfn]  aaB  Back,  Bnakorfler.  aal  Moel«Ya>lkickea  (2ll  to  oklasa 


k_2  =  *•*"*' *^«*PI-**.480/BT)  - 

ABkoai^  tte  4iscrepaacy  kctaeca  Ae  tana  rqaatioar  lies  ariflua  Bbe  eapeti- 
meatal  scatter  aikea  eatra^olatcd  to  irmptralarcs  akoae  akeat  700*K,  tke 
loar-ietaapcratare  discrepaacy  does  aot,  aad  VidaFs  resalts  are  ceasisteatly 
larger  dkaa  tte  earlier  resalts  [13,  21)  ky  akoat  a  factor  of  2.  Tke  oaly  re> 
salts  akoae  1000*K  are  Aose  of  Leay  )2S)  aad  of  Brittoa  aad  Cole  [17).  Tkere- 
fore,  die  raage  of  aacertaiaty  sa  dieir  aaeasarejneats  is  amdb  antiag.  Levy’s 
data,  as  dtewra  sa  Figare  S  of  Vidal  [28)  or  Figare  1  of  Fettis  aad  Kaos  [22) 
lead  to  a  n»ge  of  values  for  k  2  more  tkaa  oae  order  of  magnitade  ia  die 
temperatuire  raage  of  1000*i470*K,  Tke  results  of  Brittoa  aad  Cole  [17) 
iadicate  aa  tsacertaiaiy  of  akoot  50%  ia  tkeir  temperature  raage. 

Ia  our  calculatioBS.  ue  use  die  rate  coefficient  in  tike  form  recommended 
by  Fettis  and  Knox.  However,  tke  preceding  discussion  tiiould  make  it  clear 
that,  throughout  the  temperature  range  of  our  experiments,  there  is  an  un- 
certaintjT'  of  50%  in  k  2*  «nd  hence  in  k2  and  k  y 

By  usii^;  thermochemical  data  from  JANAF  tables  (29},  one  can  fit  the 
equilibrium  constants  K,  ,  and  K.  .  urithin  5%  thron^ioot  the  temperature 

Q  1 15 

range  of  our  experiments  by  the  expressions  K  ^  ^  =  2, 44T  '  exp(  -42,  637/ 
RT),  and  K2  2  ”  ®- The  previously  discussed 
values  for  k  ^  and  3  then  be  used  to  obtain  expressions  for  the  other 

atom  transfer  reactions  in  the  HBr  chain.  It  should  be  noted,  hfrwever,  that 
if  the  valtie  of  Fettis  and  Knox  for  k  2  combined  with  K2  2*  resulting 
value  for  k2  is  somewhat  larger  (by  a  fi^or  of  3.  8  at  2000*K  and  4.  3  at 
1500*K)  than  the  value  of  1, 5  V  I0*^exp(  -900/RT)  reported  by  Thrush  [30]. 
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Tbreslt  also  reported  a  valoe  of  1.5  x  10  exp(>900/RT|  for  k  y  wiiich  was 

presontably  based  c»  She  Bodenslein  aod  Lind  ralne  of  10  for  m,  tbe  ratio  of 
k  ,/k..  (Both  valnes  firea  by  Tbroibrrere  referenced  to  Bodenstein  and 
MoUer  (31|  and  to  Jost  (32|.  Ihmerer.  tbe  former  authors  reported  only  cn 
the  rate  of  Br^  dissociation,  ubereas  Jost  simply  repc<rted  the  value  of  m  =  f  0 
obtained  previously  and  did  not  evaluate  tbe  individual  rate  coefficients. )  In 
our  previous  paper  [l|.  ncc  based  our  choice  of  k  ^  on  the  value  given  by 
Thrush.  A  value  larger  bv  approximately  a  factor  of  4  vould  be  more 
consistent  with  the  value  used  here  for  k  ^  the  assumed  value  of 
k  ~  calculations  described  here,  most  of  which  were  done  be¬ 

fore  Vidal's  results  were  available,  we  allowed  k  .  to  vary  from  1. 5  to 

13  "■* 

6  X  10  expl  -900/RTl  in  order  to  obtain  the  best  fit  between  computed  and 
experimental  corves.  In  rec^rospect.  it  appears  that  a  better  choice  for  k^ 
and  k  ^  would  have  been 

k_,  =7.5ylo‘S-®-®«e-'»“«T 

The  latter  eqtsation  for  k  ^  gives  numerical  values  that  lie  within  the  range 
of  variation  allowed  in  our  computations. 

B.  DISSOCIATION -RECOMBINATION  REACTIONS 

The  dissociation  of  bromine  molecules  has  been  measured  by  many 
investigators  under  a  variety  of  conditions  and  in  the  presence  of  various 
different  chaperone  gases.  The  results  of  workers  for  those  M  gases 
pertinent  to  the  experiments  described  in  this  work  are  listed  in  Tables  1-4. 
Data  for  M  =  Ar  are  included,  even  though  our  experiments  were  conducted 
in  pure  HBr-.  because  the  only  estimates  for  the  dissociation  rate  in  the 
presence  of  M  =  HBr  are  relative  to  the  rate  for  M  =  Ar.  Thus,  it  is  impor¬ 
tant  to  establish  the  latter  rate  as  accurately  as  possible. 

The  reverse  of  the  dissociation  (the  recombination  of  Br  atoms)  has 
been  studied  independently  by  several  workers.  It  had  been  generally  assumed 
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Table  1.  Bromine  Atom  Recombination  for  M 


=  Ar 


h.  «/tweie»»et 

Truhnifec 

».  K,  L.  LefcTae.* 

3«B 

2.35 « !•** 

C0**^*br  turn 

t.  ftatavMMk  a«C  V.  C. 

anearytiM 

».  1.  $cren<  mC  3,  t.  «i21er^ 

3M 

2.5*10** 

OecMnbuwtten. 

eWerptiM 

Zr.  >tteuA»t»tS.  OeepOee*^ 

l*M 

3.4*  10** 

OieeeciMien. 

ebeerplien 

N.  Sr.  Pslwwe  *«C  0.  f. 

1300 

1.0"  10** 

DieeecUtten 

2200 

1.0"  10** 

nbeerptian 

*.  L  SerM-c.  C.  ».  Ckten. 

300 

3.73*  10** 

ftccembinAtien, 

1.  i..  *m>t  r.  c.  vaue4^ 

413 

1.4"  10** 

ebeorptien 

a.  •<.  C4«««e.  Sr..  «■><  3.  C.  Wtll«r4* 

300 

2.0*  10** 

AecembUatlen. 

400 

1.1  *  10** 

abeorptten 

1340 

4.4*  10** 

IheencUtien, 

1800 

2.3*  10** 

abeerpeien 

v«.  fi«e*e  «»>4  O.  1 .  Hereto* 

100 

2.3"  10** 

Recembuietion, 

450 

8.2  *  10** 

ebeorptiOA 

r>.  Item**  K.  M.  Cele^ 

1300 

3.4*  10** 

Kecombtnatien 

1700 

2.»«  10** 

end  dieeocleilen. 
ebeerpllen 

H.  Beetle  ee4  11.  L.  S<r<«g^ 

300 

2.7  *  10** 

Aecembinetlm. 

ebeerplien 

C.  S..  ^Hiieen  ene  0.  BfflMti^ 

1500 

2.2  *  10** 

Dieeec  tenon. 

I'^OO 

1.5*  10** 

ebeerption 

St.  kereKey'*' 

1200 

3.4*  10** 

Diesecietien. 

t'^OO 

l.i«  lo'* 

ebeprptton 

T.  A.  Le«ren<e  end  G.  Barne" 

1400 

J.5X  lO** 

Diteoc  tenon. 

2400 

0-6*  lO*"* 

emieeion 

K  K.  ^  en4  G  Burn#^ 

300 

J.tx  10“ 

Reeombinelion. 

1273 

2.0*  10** 

..beorptien 

X  ^.  neyO  G.  Aurne.  T.  A.  Lawrence. 

1350 

1.4*  10** 

DieeocUlion, 

end  LippUtt^ 

2400 

t  ox  10“ 

emieeion 

G.  Awrne^ 

300 

3  0  *  10** 

^ecombinenon. 

•biorptton 

A.  A.  •ieOreUend  K.  J.  Lang' 

300 

1  1  X  io'> 

becombinetion. 

ebeorptton 

r*f4<UT  }t  684(1935) 

^Tr4w  F4r«<UTSo<  .  12  407  (1436). 

*Abf1r«<(f.  Am.  Ch«m.  Sec.  Meeting.  1454  p.  26R. 

Chem.  Phre  .  25  810  (1456). 

Cbem.  Phye  .  26  .  48  (1457). 

0.  Chem.  26.  1287  (1457). 

Am.  Chem.  Soc.  81.  4773  (1454). 

Chem..  64  742  (1460) 

I.  Them  31.  1702  (1460). 

^J.  I’hye  Chem  .  65  1302  (1461). 

*^t  )»hY>  Them  .  67.  521  (1463) 

*  I.  (  hem.  Phv..  38.  1455  (1463) 

TN  0-3502.  1466.  «lfO,  J.  Chem  Phye  .  54  4060  (1471) 

*'Sixt6  IflternatiofMl  Shocli  Tube  Sympoeium.  1467.  eleo.  Phy  Fluide. 
Supplement  1.  104  (1464) 

**l)inmtione  leredeySoc  .  44  241  (1467)  aleo.  J.  C  hem  Phye  .  44 
3822  (1468) 

(  hem.  Phv»  .  44  3804  (1468). 

%  I  <  hen.  46  3224  (1768) 

^  I  1  h>>  <  hem..  74  4181  (1470) 

k  not  lorre.  crH  for  rdec  t  of  5 
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Table  2. 


Bromine  Atom  Recombination  fqr  M  =  Br 


2 


Worker 

Temp.  , 

•k 

k,  cc/ 
mole- sec 

T  echnique 

M,  Bodenstein  and  W.  Muller^ 

300 

Indirect 

H.  B,  Palmer  and  D.  F.  Hornig'^ 

1600 

1.2  X  10 

Dissociation; 

1000 

1.0  X  lo'^ 

absorption 

W.  G.  Giv^ens,  Jr.  ,  and  J.  E.  Willard‘S 

300 

260X  10*® 

Recombination: 

400 

100  X  10*® 

Absorption 

M.  T.  Christie,  R.  S.  Roy,  and  B.  A.  Thrush*^ 

300 

48  X  10*® 

Indirect; 

absorption 

D.  Britton® 

G.  Burns  and  D.  F  Hornig^ 

1600 

3.0  X  10*® 

Dissociation; 

absorption 

300 

<50  X  10*® 

49  X  10*® 

Recombination; 

absorption 

M.  R.  Basila  and  R.  L.  Strong® 

300 

Recombination; 

absorption 

G.  Burns 

300 

43  X  10*® 

Recombination; 

absorption 

R.  K.  Boyd,  J.  D.  Brown,  G,  Burns,  and 

1000 

6.0  X  10*® 

Dissociation; 

J.  H.  Lippiatt* 

3000 

-0.  03  X  10*® 

emission 

J.  K.  K.  Ip  and  G.  Burns 

825 

4.  2  X  10*® 

Recombination; 

absorption 

B.  A.  doGraff  and  K.  J.  Lang'' 

300 

44  X  10*® 

Recombination; 

absorption 
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Am.  Chem,  Soc.  ,  81.  4773  (1959). 
‘^Trans.  Faraday  Soc.  ,  55,  1139  (1959). 
^J.  Phys.  Chem.  ,  64,  742  (1960). 
^Canad.  J.  Chetn.  ,  38,  1702  (1960). 

^J,  Phys.  Chem.  ,  67,  521  (1963). 
^Canad.  J.  Chem.  .  46.  3229  (1968). 

*J.  Chem.  Phys.  ,  49,  3822  (1968), 

^J.  Chem.  Phys,  ,  51,  3414(1969). 

*^J.  Phys.  Chem.,  74.  4181  (^70). 


-19- 
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Table  4.  Bromine  Atom  Recombination  for  Various  M 
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tluit  the  separately  measured  dsssociat*fia  aisd  recomh*  'atioa  rate  ceefBcieals 

eere  related,  vader  all  eaperimeatally  atsaiaaMe  coadit^oas.  by  the  thermo- 

dyaamic  e«|oilibrinm  coas&aat.  ReceaSly.  Baras  aad  oS'anarfcers  [33^36]  have 

con^red  dissociatioa  measaremeats  made  by  folloariag  the  disappearaace  of 

Br^  tbroaid*  absorptioa  spectroscopy  aridi  those  made  by  moaiioriag  Br  atom 

formatioa  as  determiaed  by  too-body  Br  recombiaatioa  emission.  By 

compariag  the  temperature  regime  ahere  die  taro  types  of  measnremeata 

-  » 

overlapped  (1309-2000*K}.  they  fboad  agreemeat  above  1600*K  bat  apted  diat. 
belrar  1500'K,  die  rate  coefficieats  ofitaiaed  irom  the  absorplioa  measure-  . 
meats  arere  consisteatly  larger  (as  moch  as  a  factor  of  taro)  thaa  diose  cdilaiaed 
from  emission  irtodies.  arith  the  discrepancy  increasing  as  T  decrcrased 
(Fig.  4).  In  addition,  they  found  that  the  emission  measurements  implied 
recomUnation  rate  coefficients  that  arere  related  to  die  dissociation  rate 
coefficients  by  the  equilibrium  constant,  whereas  the  absorption  measure¬ 
ments  did  not.  They  proposed  a  theory  to  account'for  these  iateresting 
observations.  We  should  note  that,  according  to  our  conversion  of  Wardhay's 
data  [37]  from  dissociation  to  recombination  rate  coefficients,  at  the  hi^iest 
temperatures  his  results  yield  smaller  rate  coefficients  than  those  of  Bums 
and  co-workers  as  shown  in  Figure  4.  The  discrepancy  appears  to  be  signi¬ 
ficant,  contrary  to  the  report  of  Boyd  et  al.  [34]  that,  at  high  temperatures, 
the  absorption  and  emission  techniques  yield  identical  results.  However,  this 
only  strengthens  the  conclusion  that  the  temperature  dependences  of  the  two 
techniques  are  significantly  different. 

Although  we  are  not  confident  at  this  time  that  the  theoretical  implica¬ 
tions  of  the  foregoing  facts  are  resblved  beyond  dispute,  we  would  expect  the 
results  obtained  by  the  emission  technique  to  be  more  appropriate  to  our  work 
inasmuch  as  we  also  followed  the  course  of  the  reaction  by  bromine  atom -atom 
emission. 

In  the  temperature  regime  of  interest  here  ( 1400-Z200*K),  the  shock- 
tube  emission  data  of  Boyd  et  al.  [34]  (see  their  Figure  4)  can  be  fitted  within 
about  20%  by  the  expression  log  h  ^  ^  20-1. 8  log  T.  In  our  earlier  paper  [2], 
the  value  of  reported  by  Warshay  was  chosen  for  the  computer  calculations. 
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«*_.  *  2.ISV  To*  S«4  «»  wibrs 

sfificMlf  a»rf0rv  a  iccfav  wf  I _  6>  as  t&a*  shasir  ^*ag.  bf  s.''ir  alwwwr 

c^catsan  brB«r  aaiC  sSiC^Sr  «sw!iS»r  abMw  tifiS'K.  HkMNtvrr.  im 

asserwfgafmt  s*  ssascb  sSar  es^erosscatal  7««fifira.  me  CaweP  Aat  s&e  eafvesjaam 
•f  Bfwt  cS  aS-  fa«e  malars  e^  Sbat  mese  Sam  saaZS  at  sbe  lam  ami  ef  aar 
eeas^saSare  raafpr.  Tbrsefiare^  me  retermni  ta  Ae  csjpaesMaa  ^  Varsaaf. 

Beramse  »  t&ss  anarik  me  affe  esMrsesSc^  n  mit&  If  -  KBr  ntbr'r  aSkaos 
Ar.  St  »  oeressarf  fta  Snam  t&r  refiathne-  eificBamesrs  ef  HBr  aaii  Ar,  As  saiC- 
cated  B9S  TaUes  I >4,  tbere  ss  sM  vearf*  «Qacb  iaJiagmataaa  am  HBr  eSScaeac^. 

All  raoesB  teeBsperatare.  t&e  AaiU.  gaA.ms=ea»  aaifl  -^mac.  as  r»Iialr  rpretef  avS 
rrcalcalated  bjr  SosIlsvaA,  saiBcaS-r  sfeat  ■=  2,  fe.  IW  ^^-teaifm»aS*r- 

lesalls  anr  ipeiSe  issiptecBse.  ErstSssi  aad  Cole  Soaami  aa  apprasiwatr  oaTve  far 
tike  raSsa  f .  1-1. 3.  W^tthttrif  aad  Grecae  S3S|,  sa  order  la  aaatck  tkri«  ez- 

persRdeats  mitih  casapaSter  -ge  me  rated  praSsles.  reqaised  a  ratio  af  appr  If 

■^^1* 

3.  mkere  k  mas  the  resell  of  the  mark  of  Varsear  f3A|.  We  be^aa  omr  coe&: 

'*  HBr  -^r 

paler  calcmlatsoas  assesssaas  that  k^  /k^  =  s  aad  thca  raraed  .‘hat  rahse  ta 

obtasa  the  aptinsasn  Sits. 

Altha!!^  k>  asaid  h,,  the  dissociatioa  rate  croetsiciesSs  for  Br.  ia  the 

preses^e  of  Br^  and  Br,  respectively,  are  subject  *a  sosne  aacertaiaty.  aa 

ezamhaatioea  of  the  eiqierlEsseratal  cosaditioas  of  the  varioms  r«as  iadicated  that 

aelther  o^  these  tmo  reactioss  mas  ssj^ifscaat  ia  say  case.  For  ezansple,  at 

the  lorn  ead  ( 1400*K1  of  the  tensperatnre  regime,  tike  exteat  of  KBr  dissociatioa 

HBr 

never  exceeded  t%.  Therefore,  a  valoe  of  k^/k^  =  100  mraald  he  required 

in  order  for  reaction  («)  to  contribute  to  the  chemistry.  Boyd  et  al.  (3S] 

reported  a  value  of  k^  =  8. 8  v  lO^^T  ^ which  implies  a  value  of  k^/k^*^  -  50 

at  1400^K  (assuming  the  emission -measured  value  for  k^*^).  However,  Ip  and 

Z8  -4  3  ^ 

Burns  (36]  later  preferred  k^=7. 1x10  T”'  ,  which  is  smaller  by  about  a 

t*  HBr  Ar 

factor  of  3  at  IIOO^K,  Since  /k^  is  certainly  greater  than  unity  (and 

probably  close  to  3),  it  is  apparent  that  reaction  (61  will  contribute  less  than 
30%  (and  probably  less  than  10%)  to  bromine  dissociation,  a  fraction  that  is 
easily  lost  in  the  uncertainty  of  k^.  At  the  high  end  of  the  temperature  rrnge, 
i.  c.  ,  2300*K,  decreasing  to  1*^00*K  by  the  end  of  the  run,  the  fraction  of  HBr 
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affp««wcl«n<  1 9%u  tikes  mepersaitamr.  Se^fti!  «c  afi.  rrfrttJ 

:  S;l!|paiirf  B«*«s  svysncrfakMltik*  s>nr  F«r  mc&  ««««.  awr 

asealfses  airwr  rartriwiei  »»  fiar  m»  ryelFWeie,  Thes.  ac»w  tihr 

m£  swMKt^mm  was  less  tibas  tihr  waceataaty  at  l&r  nSc  m£  aescBn— i  g-fl. 

Cs  an  «HKr  esperugacaes  e&a-  csaccateafissta  aS  was  less  tibatr  39%  mt  tibat 

•f  Br  alsass.  Scac*  was  sstvlf'  Hess  e&aa  1.**  «&r  esaerShdtsaa  •?  rcactMHa 

rwlf  be  iffumn^  im  aU  cases. 

Thr  ,»>•:»<  ^  U  ^  H  .id  M  -- •. 

r«»i»  u  W  ««s>«e><4.  TWc»cwt»Mi^.<H^i«,»»rallir»«-~fc« 

sasafiler  tikaa  dkac  oS  Br.  7be  (Kall]r  avaiSabSe  cxyersaecaCaB  4aBa  <Ma  Bl.  are  M 

HBff*  * 

retMOB  t—ape  galare  .asf£  caaply  ffftat  %:«  =  iL  6u  Tberc£sire«  we  caa 

eapect  as  caspartaaC  eSeet  ^  svr  calcabSasas  frsaa  11^  akbsa^  we  4s  caclaie 
tibe  reaetBsa  aaC  assasae  tikal  tbe  absre  ratss  ss  aaaty  sa  sar  tcaaperatare  laafe. 
The  csaceateatasa  of  H  atoms  as  always  Bess  thaa  chat  of  Br  atooBS  hy  a  iector 
of  3B  to  1#^.  Therefore,  we  aegfiect  aay  possihae  cootrshstBoa.  'Hbas.  we  are 
lb>  ite  <»lr  ck>^r«  au  c<Mrt!.9e>  u.  Br j  «.«»>!>« 

ia  oar  experimeats  ss  HBr. 
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rs.  KfszriLirs  cssscLicsDOHs 


Zt9Ss^A£m*%^  at  wxs  Smmuf  tStsm  ate  «cae  finc4  oevc^  tencr  hp  «•  acSiK»> 
tiaie  cocrfy  Sbt  5£3Sr  scasstec  mS  5B  tealiteafie  ate*  kjr  HI*  teali'aMie.  ate 

S£Br  teoai  sax>e!SijUt&.  Eiaanmtfcr,  «tea  rteJ  S  ac  C  af  f  1]  —rt  affdted  ta  fte 
firts  ate  ^swscaa  steip,  cateteste  awcr  a  tasapcratave  taa^r  aC 

£B  SbossC  eSaa  ste  cac^rteaaeafi  ag^canare  of  Br  ai<«ar»  «as  anaBcSi 
sBamex  ttes  ate  caAcalattess  teftraiarf.  IMs  teyterf  ateft  tte  5B  hcal/iirialr 
rate  aas  sat  ayg  way  rifts  es  ttet  Baa:  acacycsaCare  caa^  CFlfa-  S  ate  6|-  Ota 
tte  alter  tesi£,  rata  A,  mftiicSn  ^fierte  firaea  tte  '^test  set'”  rata  C  ca  Aat  !k. 

B 

as  S$  teaS/saaBa  astsvatiaa  esaryr  ate  a  fiaaner  effirtracy  iar  If  >  HBr. 
casiJ  sat  fit  tte  «fiata  aitter.  teiiastBQcat  af  tte  yreeayaacalial  taros  af  £ii 

aot  te^  saffirirstly.  te  arter  ta  fit  tte  Br  ataos  ytafiUes,  it  ants  aacessary 
ta  aoBc  af  tteaa  rata  caafficiasts.  ar  *i»— caadbisatiaa  af  taa  tiuraa: 
dlter  kj,  ar  k^  kte  ta  be  iscraascid  at  tte  laar  ate  af  tte  taanyaratare 
rasj^  |t4S4k-974W*Kl.  Tb^  ssnyHte  ttef  cbe  actiratiaa  sjncryy  Sor  HBr  «fissacia~ 
tiaa  aas  sli^btlj  lass  ttes  SS  kcal/mo3a,  passsUy  aeax  SO  kcallvaole,  ar  tkai 
tiba  raises  asscsMTC  *«>r  k^  ate  k^  is  oar  earliar  mark  (l]  were  iacarrect. 

Tte  resoBs  of  a  iaagtfey  series  of  carve  matefeiag  ate  yaransetar  variaHa'ji  >£sd 
to  tsse  coscliostotas  Sse  experimestal  <Sate  eows  to  aboot  fSSO'K  coold  be 
fatted  faariv  veil  sy  rate  coostacS  K  lasted  in  TaUe  S.  The  si^nificaot  differ¬ 
ences  between  rate  Ji  ate  the  previous  best  rate  C  are;  ( 1)  the  activation 
energy  is  raised  So  $8  kcal/mode,  ate  the  ratio  of  efficiencies,  k|  A^l  > 
reduced  from  15  to  3.  75.  (Z)  k  ^  is  four  times  the  previous  value,  which  is 
the  upper  ete  of  the  variation  considered  in  Section  V,  ate  (5)  k_  is  unchanged, 
which  means  *hat  if  the  emission  data  of  E3oyd  et  al.  for  estimating  k^*"  were 
correct,  then  ky  =  1-  5.  Figures  7  ate  8  illustrate  the  comparison 

between  experimental  profiles  ate  several  computed  profiles  for  two  represen¬ 
tative  runs.  In  order  to  fit  the  data  between  1550  and  1450*K,  it  was  necessary 
either  to  increase  by  a  factor  of  2  (rate  P.  Table  5)  or  more,  or  to  increase 
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Fig.ire  5.  Comparison  of  Experimental  Bromine  Profile  for  Ran  21  With 
Compnted  Profiles  for  Various  Sets  of  Bate  Coefficients 
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Figure  6-  Comparison  of  Experimental  Bromine  Profile  for  Run  26  With 
Computed  Profiles  for  Various  Sets  of  Rate  Coefficients 
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Figure  7 


Comparison  of  Experimental  Profile  for  Run  42  With  Computed 
Profiles  for  Various  Sets  of  Rate  Coefficients 
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Figure  8.  Compa.'ison  of  Experimental  Profile  for  Run  728  of  Ref.  1  With 
Computed  Profiles  for  Various  Sets  of  Rate  Coefficients 
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k  2  by  a  factor  of  2  (rate  T,  Table  5).  Either  change  reduced  the  fit  somewhat 
in  the  1700-2000* K  range.  The  change  in  rate  T  gave  a  set  of  rate  coefficients 
that  fitted  fairly  well  throughout  the  entire  temperature  range  of  the  experi¬ 
ments  as  well  as  the  temperature  range  of  our  earlier  work  [1]  .  However,  as 
indicated  in  Section  V,  such  a  large  value  for  k_2  is  about  30%  larger  than  the 
probable  upper  limit  of  uncertainty  as  based  on  the  results  of  previous  workers. 
Nevertheless,  we  believe  that  a  value  of  k  ^  larger  than  the  previous  "best 
estimate"  may  be  appropriate. 

Another  possible  way  to  fit  the  low  temperature  data  would  be  to  lower 

the  activation  energy  for  kj  by  a  few  kcal/mole.  An  alternative  explanation 

for  the  recalcitrance  of  the  data  below  1550*K  could  be  a  systematic  error 

of  about  2%  in  the  temperature  estimations  of  the  shock-heated  gas.  Since 

we  cannot  guarantee  much  greater  accuracy  than  this  in  the  temperature 

measurements,  we  are  reluctant  to  probe  further  into  the  fine  details  of  the 

various  rate  coefficients.  Westberg  and  Greene  [38]  were  able  to  fit  their 

Ar 

HBr  dissociation  data  (1 500-2700 “K)  with  the  assumption  that  k^  /k^  =  1 

and  k^  -  3.  Their  value  for  k_2  closely  approximates  the  value  of  rate  T, 
i.e. ,  about  two  times  the  value  of  rate  N.  In  other  respects,  their  conclusions 

1*16  T 

agree  with  those  given  here.  Our  value  for  k.  is  almost  four  times  larger 
than  theirs,  our  k^  is  about  one-third  as  large  as  theirs,  and  our  k^  is  the 
same  as  or  one-half  as  large  as  theirs. 

The  coefficients  of  rates  T  and  N  were  then  applied  to  several  runs 
from  our  earlier  work  [1]  to  determine  if  they  would  fit  the  data  in  the  tem¬ 
perature  range  of  2400-3800*K.  In  all  but  one  case,  the  fit  was  reasonably 
good,  but  could  be  improved  by  decreasing  k^  by  a  factor  of  4.  Figures  8 
and  9  show  two  of  the  high-temperature  experimental  profiles  and  the  computer 
curves  generated  by  rates  C,  N,  T,  N',  and  T  \  N'  and  T'  differ  from  N  and 
T  by  the  values  of  kj  : 

N  and  T  n'  and  T* 

I^Ar.  J„22. 08^-2, „-88/e  ,„2 1 .48^-2  ,„-88/6 

3.75  15 
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LABORATORY  TIME,  /isec 


Figure  9.  Comparison  of  Experimental  Profile  for  Run  716  of  Ref.  1  With 
Computed  Profiles  for  Various  Sets  of  Rate  Coefficients 


3  shown  in  the  figures,  the  sensitivity  of  the  computed  profiles  to  this 

triation  of  a  factor  of  4  is  not  great.  Thus,  we  conclude  that  the  best  value 

.  ^„21.78±0.3„-2,.-88/e  .  , 

r  k.  IS  10  T  10  cc/mole-sec. 
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